bevacizumab with IFL chemotherapy regimens has demonstrated clinical improvement in overall survival (OS) or progression-free survival (PFS) in CRC (Hurwitz et al, 2004) ; however, subsequent studies using next-generation chemotherapy regimens such as FOLFOX, while maintaining a PFS benefit, failed to show an OS benefit by the addition of bevacizumab (Saltz et al, 2008) .
During the last decade, several other VEGF receptor tyrosine kinase inhibitors have also been developed (Abdullah and PerezSoler, 2012) . One of these agents is cediranib, a once-daily oral tyrosine kinase inhibitor with potent activity against all three VEGF receptors, and c-Kit (Wedge et al, 2005; Brave et al, 2011) . Efficacy of cediranib plus FOLFOX/CAPOX (chemotherapy) vs placebo plus FOLFOX/CAPOX in patients with previously untreated mCRC has been assessed in the phase III HORIZON II trial (Hoff et al, 2012) . This study met the co-primary end point of PFS prolongation with cediranib plus FOLFOX/CAPOX treatment compared with FOLFOX/CAPOX alone (HR ¼ 0.84; P ¼ 0.012). However, the OS end point was not met (HR ¼ 0.94; P ¼ 0.57). This result was consistent with other trials performed combining VEGFi's with newer chemotherapy regimens in mCRC. Indeed, the PFS and OS results observed in the randomised controlled double blind phase III trial, HORIZON II were similar to those reported in a phase III trial assessing the efficacy of bevacizumab plus FOLFOX vs chemotherapy alone as first-line treatment for patients with mCRC (Saltz et al, 2008) .
One of the main challenges for VEGFi's is to identify the patient subgroups that receive most benefit from chemotherapy ± VEGFi. Analyses of protein biomarkers in patient serum or plasma have been suggested as a feasible opportunity to investigate patient response to therapy (Tran et al, 2012) , as blood sampling is readily accessible. However, pharmacodynamic (PD) changes in multiple markers induced by treatment with chemotherapy±VEGFi have not been widely studied, mainly due to the lack of appropriate sample collection in large controlled studies.
Understanding the changes in serum factors on treatment may help to predict groups of patients that may benefit more from certain treatments (Jain et al, 2006; Kopetz et al, 2010) and to discover additional signalling pathways that are regulated in response to treatment in mCRC. We have assessed samples from a large phase III trial asking three questions: (1) can serum biomarkers facilitate the segmentation of patient populations with differential response based on a baseline signature (BS), (2) among 207 soluble proteins, which changes are induced at 6/7 weeks and 13 weeks by chemotherapy and chemotherapy plus cediranib and (3) can PD biomarkers be associated with clinical benefit in patients treated with cediranib-based therapy?
PATIENTS AND METHODS
Patients and samples. Eligible patients enrolled in the phase III double-blind HORIZON II study (ClinicalTrials.gov identifier NCT00399035) were X18 years old with histologic/cytologic confirmation of metastatic (stage IV) CRC; had a World Health Organization (WHO) performance status of 0/1; and a life expectancy of X12 weeks (Hoff et al, 2012) . Patients must not have received prior systemic therapy for mCRC; any adjuvant (or neoadjuvant) therapy with oxaliplatin or 5-FU must have been received 412 months or 46 months, respectively, before study entry. Patients were initially randomly assigned 1 : 1 : 1 to receive once-per-day cediranib 30 mg, cediranib 20 mg, or placebo in combination with FOLFOX/CAPOX. Because recruitment to the cediranib 30 mg arm was discontinued (Hoff et al, 2012) , we analysed protein biomarker levels in serum collected at baseline and on-treatment (6/7 and 13 weeks) from patients treated with cediranib 20 mg or placebo in combination with FOLFOX/CAPOX. In all, 582 serum samples were available at baseline (before treatment, T0), 587 after 6/7 weeks (T1) and 575 samples at 13 weeks (T2).
As samples were not available for all patients, the baseline characteristics of patients within the available data set (biomarker data set (n ¼ 582); BDS) were compared with patients in full data set (full data set; FDS) from the HORIZON II study to ensure that demography and treatment outcome were comparable between data sets. Age, sex and race (Black, Caucasian, Oriental or other) were compared along with the stratification covariates from the HORIZON II trial, namely, WHO performance status (0 vs 1 or 2), chemotherapy type (FOLFOX4, FOLFOX6 or CAPOX), study phase (i.e., whether patients contributed to the end-of-Phase II analysis from the HORIZON programme) and liver function (ALP p320 U l À 1 and albumin X35 g l À 1 vs other). The FDS and the BDS showed comparable demographics. The efficacy analyses for the reduced data sets were comparable with the primary trial results, indicating that there were no concerns of bias with the BDS and that, where comparisons were made with the hazard ratio (HR) and confidence intervals (CIs), they were reflective of the overall effect (Spencer et al, 2013) .
Biomarker analysis. Collection of blood samples from consenting patients was prescribed (but not monitored) as follow: sampling into serum separated tubes and centrifuged within 1 h for 15 min at 3000 g, aliquoted into vials and stored immediately at -80 1C.
Frozen serum samples were shipped and analysed centrally at Rules-Based Medicine (Myriad RBM, Austin, TX, USA). Analysed proteins were selected based on their relevance to angiogenesis and linked to tumour progression. Additional analytes were included if they were multiplexed with the requested markers. Each aliquot was thawed to measure 207 proteins that were quantified by using a Luminex bead-based multiplex immunodetection methodology. Myriad RBM's multi-analyte profiles (MAPs) have been validated to Clinical Laboratory Standards Institute (formerly NCCLS) guidelines based upon the principles of immunoassay. Each assay is developed as a single test to establish the sensitivity and dynamic range necessary for that analyte. Key performance parameters such as lower limit of quantification, precision, crossreactivity, linearity, spike-recovery, dynamic range, matrix interference, freeze-thaw stability and short-term sample stability are established for every assay (http://www.myriadrbm.com/). In all, 588 eligible patients were analysed as described in the CONSORT diagram (Supplementary Figure 1) .
Statistical methods. Due to the reduced sample size, we chose to omit the primary covariates (described above) from our analyses. A comparison of the full HORIZON II analysis with and without the covariates showed very comparable HRs and CIs and these were consistent with the same analyses in the reduced biomarker data set (Spencer et al, 2013) .
The BS was obtained by hierarchical clustering analyses performed using TIBCO Spotfire 3.1.1 (Boston, MA, USA) with the following parameters: Ward's clustering method, half square Euclidean for the distance measure, average value for the ordering weight and Z-score calculation for the normalisation. The correlation with clinical end points was estimated using a Cox proportional hazards model.
Statistical analyses on the fold change from baseline to T1 or T2 were performed by paired t-test on the Log(T1/T0) and Log (T2/T0) in each treatment arm. For the differential changes between chemotherapy plus placebo (Chemo-placebo) vs chemotherapy plus cediranib (Chemo-cediranib) treatment, an unpaired t-test was performed on the difference in Log2(ratio) at T1 and T2. For example at T1, Log2(ratio) ¼ (Log2(T1/T0) Chemo-cediranib arm) -(Log2(T1/T0) in Chemo-placebo arm). The proteins, including their mean baseline levels, standard deviation (s.d.) and standard error (s.e.) are shown in Table 1 . A false discovery rate (FDR) analysis on the t-tests/paired t-tests using Storey's method was carried out. Biomarkers described in this study showed Po0. 05 and FDRo0.20. For the analysis of the correlation between PD changes and clinical outcome, the patients were dichotomised into two groups for each biomarker based on increased vs decreased serum concentration at T1 relative to the baseline concentration. The impact of biomarker changes on OS and PFS in patients treated with chemotherapy plus placebo and in patients treated with chemotherapy plus cediranib was assessed. The association with clinical end points was estimated using a Cox proportional hazards model and Po0.05 was considered as significant. Nevertheless, given the number of proteins analysed, up to 5% of the PD biomarkers found associated with PFS or OS may have been found significant by chance. To minimise the impact of random findings, we focused the hierarchical clustering analysis on the proteins significantly associated with both PFS and OS to generate the PD signature. Hierarchical clustering analyses of patients and biomarkers was performed based on Log2(T1/T0) value using TIBCO Spofire 3.1.1 with the following parameters: Ward's clustering method, half square Euclidean for the distance measure, average value for the ordering weight and Z-score calculation for the normalisation.
RESULTS
Serum biomarker signature defines subgroups of mCRC patients associated with clinical outcomes. The possibility of defining subgroups of mCRC patients that may respond differentially to therapy has been explored in a number of small, often single arm, studies. Here, we explored samples from the HORIZON II phase III study with FOLFOX/CAPOX±cediranib to gain insight into how serum biomarkers may define response to therapy in mCRC. We analysed 207 circulating proteins by multiplex assays in serum obtained from patients diagnosed with mCRC and enrolled in the HORIZON II study just before treatment commenced (baseline; T0). Biomarkers were selected using two criteria. Specific proteins associated with angiogenesis and/or linked to tumour progression were prioritise, with additional exploratory analytes included by selecting specific multiplexed panels. The analysed biomarkers, mean, s.d. and s.e. are listed in Table 1 .
Hierarchical clustering analysis identified 47 correlated proteins (Cluster 1) able to segregate mCRC patients into three groups (A, B and C) based on baseline pre-treatment serum concentrations ( Figure 1A and B) . This BS included angiogenic factors such as VEGFA, VEGFD, VEGFR2, VEGFR3, TIE-2 and NRP1. We next assessed the effect of chemotherapy ± cediranib in the two most different patients groups with low (A) and high (C) BS ( Figure 1C and D). Patients treated with chemotherapy plus cediranib who had high BS had a shorter PFS than those with low BS (HR ¼ 1.82, CI: 1.22-2.72, P ¼ 0.003). However, the BS did not predict PFS benefit in patients treated with chemotherapy plus placebo (HR ¼ 1.39, CI: 0.92-2.09, P ¼ 0.12). For OS, high BS was associated with shorter survival compared with low BS, regardless of the treatment received (HR ¼ 2.61, CI: 1.62-4.19, Po0.001 in chemo-cediranib group and HR ¼ 2.55, CI: 1.63-3.99, Po0.001 in chemo placebo group).
These data suggest that the BS of 47 biomarkers may be able to segregate mCRC patient populations with regard to PFS and OS.
Chemotherapy plus placebo and chemotherapy plus cediranib induce broad PD biomarker changes. Pharmacodynamic changes in serum biomarker levels following treatment with chemotherapy ± cediranib may differentiate patient responses and give initial insight into physiological response to therapy. To determine the changes induced on treatment in this study, the 207 biomarkers were quantified at two time points on treatment at 6/7 weeks (T1) and 13 weeks (T2) and compared with their baseline levels in 251 (T1) and 247 (T2) patients receiving Chemo-placebo (Figure 2 ; Supplementary Tables 1 and 2 ) and 330 (T1) and 323 (T2) patients on Chemo-cediranib (Figure 3; Supplementary  Tables 3 and 4) .
Analysis of the biomarker changes induced by Chemo-placebo revealed a large number of modulated proteins, 119 markers at T1 and 132 at T2 (Figure 2A) . In all, 107 (74%) of these markers were changed both at T1 and at T2. In all, 59 (84%) of the downegulated and 48 (65%) of the upregulated proteins were changed at both time points suggesting that most of the PD changes were durable for at least 13 weeks (Figure 3B-D) . Among the most consistent and significant changes shown over time, we observed an increase in COL4, FB1-1C, VCAM1, TBG and AFP and a decrease in VEGFC, TGFb1, PDGFbb, PAI-1 and S100-A12 on chemotherapy.
On Chemo-cediranib, 125 (T1) and 126 (T2) markers changed, representing over 50% of the markers analysed ( Figure 3A) . In all, 106 (73%) of these markers changed both at T1 and at T2. In all, 64 (77%) of the downregulated and 41 (65%) of the upregulated proteins changed at both time points (Figure 3B-D) . This indicated that most of the PD changes observed at T1 were maintained at least until T2. Some pro-angiogenic markers were reduced by combination treatment. For example, decreases in VEGFR-2 and -3, VEGFC, PDGFbb and TIE-2 levels on treatment were observed. c-Kit, another target of cediranib, however, showed only slight changes that were inconsistent between time points (3.5% upregulation at T1 and 3.4% downregulation at T2) and VEGFR-1 did not demonstrate a change at either time point. Many factors involved in cell migration such as FN, CXCL5, CXCL1, TIMP, AXL-RTK, MRC2, MMP9, CCL24 and CRP were downregulated on Chemo-cediranib treatment.
PD changes induced by addition of cediranib to chemotherapy. Treatment-related changes in circulating factors may reflect physiological biomarkers or adaptive changes of the tumour following therapy. Identification of serum factors modulated by VEGFi may help define novel PD markers that characterise the patient response to chemotherapy and VEGF-signalling inhibitors and have potential to identify acquired resistance to therapy.
Most biomarkers modulated by the Chemo-cediranib combination were also significantly affected by the chemotherapy treatment alone. For example, the level of angiogenic factors such as VEGFC, PDGFbb and VEGFR-3 and factors involved in cell migration (FN, CXCL5, CXCL1, TIMP1, CRP, CCL23, CCL24 and MMP9) decreased on Chemo-placebo (Figure 2 ). However, a small number of proteins such as PlGF (PGF) or VEGFA were reduced on Chemo-placebo whereas they were maintained or upregulated in patients treated with Chemo-cediranib. This suggests a specific effect of cediranib addition on the PD biomarker profile.
To further investigate the effect of cediranib addition to chemotherapy on serum biomarker levels compared with chemotherapy plus placebo, we analysed the differential changes induced between Chemo-placebo and Chemo-cediranib at 6/7 weeks (T1) and 13 weeks (T2) (Figure 4) . The change from baseline of individual patients was averaged for patients treated with chemo-placebo and patients treated with chemo-cediranib and compared between treatment groups. Addition of cediranib to chemotherapy led to a significant inhibition of TIE-2, VEGFR-2 and -3, NRP1 and to an upregulation of PlGF and VEGFA indicating an effect on VEGF-signalling pathways. A modest downregulation of other angiogenic factors and targets of cediranib was observed in cediranib-treated patients for VEGFR-1 only at T2, c-Kit only at T1 and VEGFD at T1 and T2. No difference between the two treatment arms was observed for VEGFB and Tables 1 and 2 . Venn diagrams show the number of biomarkers exclusively and commonly changed (B), of which downregulated (C), or upregulated (D) at T1 or T2 after CP treatment. For full biomarker names, see Table 1 . T1or T2/T0 ) from baseline level (T0) to T1 (week 6/7) or T2 (week 13) and distributed according to the P-value of the fold change. The percentage of change from baseline corresponding to the Log2(T1or T2/T0) scale is shown. Significance was determined by paired t-test on Log2(T1or T2/T0) and a P-value of o0.01. The most significant PD biomarkers (Po1E À 13) are listed. Changes for all biomarkers are available in Supplementary Tables 3  and 4 . Venn diagrams show the number of biomarkers exclusively and commonly changed (B), of which downregulated (C), or upregulated (D) at T1 or T2. For full biomarker names, see Table 1 .
VEGFC at any time. The addition of cediranib decreased TIE-2 and COL4 and increased A-FABP concentrations compared with chemotherapy alone. These data indicate that serum concentrations of multiple proteins are modulated on treatments with chemotherapy±cedir-anib. The differential PD changes observed in patients on cediranib result from the combination effect with chemotherapy and gives insight into the effect of cediranib addition to chemotherapy.
PD biomarkers signature's association with clinical response in patients treated with chemotherapy plus cediranib. Pharmacodynamic changes of serum proteins on treatment may be associated with tumour response and disease progression. As PD modulation on treatment may be different in each patient, it is important to classify patients according to changes in each biomarker. To gain insight into how PD changes may influence response to therapy, we have dichotomised patients into two groups for each protein based on whether the biomarker was increased or decreased (relative to baseline) on treatment. To identify biomarkers associated with cediranib benefit, we analysed whether the PD changes (increased vs decreased at T1) were linked with PFS and OS in patients treated with chemo-cediranib ( Supplementary Figure 2A and D) and chemo-placebo (Supplementary Figure 2B and E) . The HRs and P-values for all the proteins are represented as volcano plots. To identify the PD proteins only associated with outcomes on chemo-cediranib, we excluded the proteins significantly associated with outcome in the chemo-placebo group (likely to be prognostic biomarkers). Scatter plots (Supplementary Figure 2C and F) and forest plots ( Figure 5A and B) illustrate the individual proteins associated with PFS and OS benefit on chemo-cediranib using this approach. In all, 25 PD proteins correlated with PFS. Of these most notable were MMP7, vWF, IL-8, MIF, TIE-2, KLK7, A-FABP, TNC or VEGFA. Patients who had increased concentrations of these proteins had improved PFS compared with patients showing decreases. Similarly, in the 40 PD proteins associated with OS, the patients on chemo-cediranib who showed an increase in MMP7, IL-8, CRP, A-FABP, TIMP1, VEGFD, IL-1RA, CTSD or COL-4 had a longer OS time than those with decreased concentrations.
Hierarchical clustering analysis identified two distinct groups of patients based on the PD changes in 16 serum biomarkers found associated with PFS and OS benefit (pink stars annotation in Figure 5A and B) in chemo-cediranib-treated patients ( Figure 5C-E) . Patients in the increased PD signature (PDS) had a longer PFS ( Figure 5D ) and OS ( Figure 5D ) than those in the decreased PDS on chemo-cediranib (PFS: HR ¼ 0.58, CI: 0.46-0.73, Po0.001/OS: HR ¼ 0.52, CI: 0.40-0.66, Po0.001). The PDS did not correlate with PFS (P ¼ 0.46) or OS (P ¼ 0.44) in patients treated with chemo-placebo ( Figure 5D and E). There was no significant difference in age, gender, race, WHO status, k-ras status or the number of metastatic sites between the two groups. Previous analysis of Horizon II showed there was a number of general T1  T2  T0  T1  T2  T0 T1 T2  T0 T1 prognostic biomarker at baseline, none were specifically associated with cediranib benefit Spencer et al, 2013) . We assessed whether a subset of these prognostic biomarkers showed differential association with the either subset. There was a slight difference (maximum of two-fold) with a large variance in the level of the baseline prognostic markers ICAM, VCAM, TIMP, CEA and CRP between the two groups (Supplementary Table 5 ). combination with bevacizumab to treat patients with mCRC but it is presently unclear, which patients respond best to either treatment regime and serum protein profile on treatments have not been widely characterised to date. This study provides insight into the influence of commonly used therapies on serum proteins present in first-line mCRC patients, and how levels of these proteins identifies groups of patients that potentially respond better to these treatments. Circulating biomarkers provide a feasible, minimal-invasive opportunity to study physio-pathological processes in cancer patients. They can be applied to disease diagnostic, prognosis/ predictive assessment before treatment (Hanrahan et al, 2010; Nikolinakos et al, 2010; Abajo et al, 2012a Abajo et al, , 2012b and to study PD information post-treatment (Jain et al, 2006; Kopetz et al, 2010) . Here, we analysed 207 serum proteins in B580 patients with mCRC at baseline and on-treatment with FOLFOX/CAPOX ± cediranib enrolled in the HORIZON II phase III trial. There were three major findings in our exploratory analyses. First, we identified a signature of 47 markers at baseline that defines patient subgroups associated with PFS and OS. Second, we characterised the PD effects of chemotherapy and chemotherapy plus cediranib treatments identifying factors differentially modulated by cediranib addition to chemotherapy. Finally, we identified a signature of 16 PD biomarkers associated with greater potential clinical benefit in response to chemotherapy plus cediranib.
A signature of 47 soluble biomarkers was associated with clinical outcomes in mCRC. This BS was predictive of PFS benefit in chemo-cediranib-treated patients. In this signature, high baseline concentration of angiogenic markers (VEGFA, VEGFD, VEGFR2, VEGFR3, NRP1 and TIE-2) was associated with shorter PFS. Lower baseline plasma VEGFA correlates with longer time to progression in patients treated with bevacizumab (Burstein et al, 2008) . In response to sunitinib, lower baseline levels of plasma VEGFA and VEGFR3 were associated with prolonged PFS (Rini et al, 2008) . Low levels of ICAM1, another marker associated with our signature, have also been associated with improved PFS in patients treated with chemotherapy plus bevacizumab (Dowlati et al, 2008) . The BS had a strong prognostic effect (independent of treatment arms) on OS. Factors such as CEA, VEGFA, CRP and TIMP1 have already been described as prognostic biomarkers in mCRC (Aldulaymi et al, 2010; Frederiksen et al, 2011; Bystrom et al, 2012; Jürgensmeier et al, 2013) . The fact that our analysis also identified previously reported biomarkers supports the robustness of this multiplex approach and increases confidence in the potential of the other predictive/prognostic markers present in our signature. However, because all the patients received chemotherapy, it was not possible to determine the predictive vs prognostic value of these biomarkers in HORIZON II serum samples because of the lack of a placebo only arm in the trial design.
There were a large number of factors modulated by treatment with chemotherapy. It was striking that many of the proteins known to play a role in angiogenesis are modified by chemotherapy alone. The VEGF-signalling pathway (VEGFA, VEGFC and VEGFR-3) was also downregulated whereas Ang and TIE-2 were increased by chemotherapy. The changes observed in combination with cediranib will need to be interpreted in this context of a high impact of chemotherapy on the PD changes. As observed in previous studies with cediranib in monotherapy and combination or bevacizumab in combination with docetaxel (Baar et al, 2009; Drevs et al, 2007; Willett et al, 2009; Batchelor et al, 2010 Batchelor et al, , 2013 van Cruijsen et al, 2010; Cunningham et al, 2013) , VEGFA and PlGF increased in response to cediranib addition. The difference in VEGFA levels between the two arms in our study was mainly due to a decrease in the chemotherapy alone arm. Indeed, VEGFA levels did not change at T1 on chemo-cediranib but decreased on chemo-placebo. At T2, the increase in VEGFA was modest (B10%) compared with PlGF (B100%) indicating that PlGF may represent a better PD marker for cediranib, at least when combined with chemotherapy. The only 3-arm study with cediranib that evaluated biomarkers with chemotherapy (lomustine) vs cediranib vs the combination of both in patients with rGBM (Batchelor et al, 2013) showed decreases in VEGFA in the lomustine arm, increases in the cediranib monotherapy arm with the combination resulted in an increase. As previously described on cediranib monotherapy and combination therapy (Drevs et al, 2007; van Cruijsen et al, 2010; Cunningham et al, 2013) , we observed a decrease in VEGFR-2 in cediranib-treated patients. Interestingly, we found other angiogenic factors such as COL4, VEGFR3, NRP1, TIE-2, ANG-2 and ENG downregulated by cediranib addition, perhaps indicating effects on vasculature. One of the most significant changes between the two treatment arms was the increase in TSH in chemocediranib-treated patients. The TSH elevation has been a consistent observation in all clinical studies with cediranib however in general, changes in the TSH levels were reversible following removal of cediranib and did not require treatment (Drevs et al, 2007; Hoff et al, 2012) . In line with a previous study in patients with rectal carcinoma treated with bevacizumab (Xu et al, 2009 ), addition of cediranib increased CXCL12 levels compared with chemotherapy alone. CXCL12 is a potent chemo-attractant for myeloid cells (Jin et al, 2006; Sugiyama et al, 2006) and was associated with acquired resistance to an antibody to VEGFA in preclinical models (Shojaei et al, 2007) . However, PD changes in CXCL12 did not correlate with outcome in patients treated with chemo-cediranib in our study.
Our study reports a number of PD changes in serum proteins associated with PFS and/or OS in patients treated with chemocediranib but not in patients treated with chemo-placebo. However, given the number of proteins analysed, some of the PD biomarkers associated with PFS or OS may have been found significant by chance. Therefore, these associations have to be interpreted with caution until further validation. To increase our confidence in some potential predictive biomarkers, we focused the hierarchical clustering analysis on the proteins significantly associated with both PFS and OS. Among the proteins identified in this PD signature, increased concentration of inflammatory biomarkers such as CRP, IL-6 and IL-8 was associated with longer PFS and/or OS. Similarly, increased concentrations of MMP1, MMP7, MMP10 and TIMP-1, all involved in extracellular matrix remodelling, were associated with clinical benefit in patients receiving chemo-cediranib. These observations may suggest that induction of an inflammatory response on treatment may be associated with improved efficacy. Consistent with our findings, a previous study (Tran et al, 2012) has shown that patients with high baseline concentrations of inflammatory or immunomodulatory factors (including IL-6, IL-8 and TIMP1) had significantly worst prognosis, but derived greater relative OS benefit from pazopanib in renal cancer. Interestingly, we found that increased concentration on treatment of angiogenic markers such as VEGFA, VEGFD, Ang and TIE-2 was associated with prolonged PFS and OS in patients receiving chemo-cediranib. However, previous studies with cediranib did not show association between VEGFA modulation on treatment and clinical response (unpublished data and Batchelor et al, 2013) , indicating that further work is required to determine whether this finding may be applicable in other disease settings. This suggests that the PD changes in serum proteins may segment patients with mCRC who respond to cediranib by inducing feedback on the VEGF-signalling axis, as a result of intrinsic sensitivity to inhibitor. Therefore, increased serum VEGFA concentration on treatment may be an indicator of patients bearing tumours that may benefit from further VEGFi treatment.
The challenge in interpreting soluble serum biomarker data to monitor response to therapies is that they are not necessarily tumour derived. For example, A-FABP was one of the most significant markers differentially upregulated on cediranib addition to chemotherapy. A-FABP is mainly expressed in adipocytes and is involved in glucose and lipid systemic metabolism (Hotamisligil et al, 1996; Cao et al, 2008) . Increased A-FABP concentration on treatment was strongly associated with improved PFS and OS in patients treated with chemo-cediranib. Interestingly, PD changes in other adipokines such as CRP, IL-6 and IL-10 were also associated with benefit on cediranib in our study. Adipose tissue is well known to play a role in inflammatory processes as reported by the links between obesity, macrophages and inflammation (Weisberg et al, 2003; Tilg and Moschen, 2006) . This suggests that some PD changes may be associated with subgroups of patients with endocrine activity related to adipose tissue. The presence of visceral fat tissue has been correlated sensitivity to VEGFi's in the clinic (Guiu et al, 2010; Steffens et al, 2011) , suggesting that these associations warrant further investigation.
With regard to the PD signature, it does not appear that the difference in benefit is merely due to different baseline prognostic features of the induced biomarker and reduced biomarker groups. In this analysis, we included a number of independent prognostic markers. A small difference in mean CEA, TIMP-1 and CRP was observed but the difference was only two-fold or less. There were no differences in these markers comparing the chemo-placebo and chemo-cediranib groups. In Horizon II, patients with a baseline CEA level in the range of 0-50 ng ml À 1 showed better prognosis than those exhibiting a baseline value of above 50 ng ml À 1 . Moreover, baseline CEA, TIMP or CRP levels are not associated with differences in benefit from addition of cediranib in Horizon II (Spencer et al, 2013) . There are limitations to the analysis we have performed, and areas where the findings can be built on. For example, it would be informative to exploit the data set further by performing a multivariate analysis on baseline markers in each patient group to learn more about other factors associated with potential benefit on treatment. While we identify a number of interesting candidate biomarkers that may be associated with benefit from cediranib, these require validation using independent data sets.
Monitoring soluble biomarkers can be a powerful tool to gain additional insight into patient subgroups responding differently to drug in the context of a clinical trial. To deploy the approach more broadly further validation work would be required to assemble a minimal set of markers which delivers optimal predictivity in a simple test, and then subjected to prospective validation. For PD biomarkers, the changes from baseline may be investigated after 6-7 weeks based on these observations, but shorter time points may be appropriate improving selection of treatment options. While the 16 potential biomarkers identified are correlated, in theory one protein, but more realistically a subset of markers could be used to assess response. MMP7 is the most significantly associated with PFS and OS in cediranibtreated patients. It will be interesting to assess the link to outcome in other mCRC sample sets from patients treated with chemotherapy and angiogenic therapy.
In conclusion, this work provides baseline and PD biomarkers associated with clinical outcomes in mCRC patients treated with chemotherapy ± cediranib. In addition, we described a comprehensive data set on the serum PD biomarkers changed by chemotherapy ± cediranib. Exploring a wide range of serum biomarkers has stimulated interesting insight into the effect of these different treatments. Clinical studies remain ongoing to assess the potential of cediranib in cancer. The hypotheses generated by our data using serum samples from mCRC patients treated with chemotherapy ±cediranib could potentially apply to patients with other tumour types and could therefore be tested in future studies.
